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DESCRIPTION 

RADIO RECEE31X0N APPARATUS AND RADIO RECEPTION METHOD 



Technical Field 

The present invention relates to a radio reception 
apparatus and radio reception method, and more 
particularly, to a radio reception apparatus and radio 
reception method used in a radio communication system 
carrying out transmission diversity using a plurality 
of antennas. 

Background Art 

In a mobile communication system, a base station 
apparatus may carry out transmission diversity when 
transmitting common pilot channel signals in order to 
improve reception characteristics of mobile station 
apparatuses. FIG.l shows that a base station apparatus 
is transmitting common pilot symbols to a mobile station 
apparatus through transmission diversity using two 
antennas . 

The Mobile Communication Standard 3G TS 25.211 
version 3.1.0 5.3.3.1 (page 21) defines transmission 
patterns of pilot symbols sent from each antenna. FIG. 2 
shows transmission patterns of pilot symbols defined by 
the Mobile Communication Standard 3G TS 25.211 version 
3.1.0. 

Base station apparatus 11 always sends symbol +A 



from antenna 1 to mobile station apparatus 12 as shown 
on the upper row of FIG. 2. The pilot symbol sent from 
antenna 1 is sent to mobile station apparatus 12 through 
propagation path 1 with propagation factor ai. 
Furthermore, base station apparatus 11 sends symbol +A 
and symbol -A from antenna 2 to mobile station apparatus 
12 according to transmission patterns shown on the lower 
row of FIG. 2. The pilot symbols sent from antenna 2 are 
sent to mobile station apparatus 12 through propagation 
path 2 with propagation factor a 2. Here, symbol -A is 
modulated symbol A with its sign inverted and symbol +A 
is modulated symbol A with no sign inversion. 

Mobile station apparatus 12 adds up pilot channel 
signals containing pilot symbols sent from antenna 1 and 
pilot symbols sent from antenna 2 according to a 
predetermined method. This allows mobile station 
apparatus 12 to improve reception characteristics by an 
amount corresponding to diversity gain with respect to 
pilot symbols. Furthermore, mobile station apparatus 12 
assigns fingers to dedicated communication channel 
signals using a delay profile created from these pilot 
symbols, thus making it possible to improve reception 
characteristics of the dedicated communication channel 
signals . 

Here, mobile station apparatus 12 adds pilot channel 
signals using power additions or in-phase additions. 
Mobile station apparatus 12 can further improve reception 
characteristics using in-phase additions compared to 



power addictions . A radio reception apparatus that 
carries out in-phase additions on pilot channel signals 
sent as shown in FIG.l and FIG. 2 will be explained below. 
FGI . 3 is a main block diagram showing an outlined 
configuration of a conventional radio reception apparatus 
mounted on a mobile station apparatus. 

A pilot channel signal containing a pilot symbol 
sent from antenna 1 and a pilot symbol sent from antenna 
2 is received by radio reception section 14 via antenna 
13. The pilot channel signal is subjected to 
predetermined radio processing (down-conversion, A/D 
conversion, etc . ) by radio reception section 14 and output 
to correlation value calculation section 15. 

Correlation value calculation section 15 applies 
despreading processing to the pilot channel signal and 
outputs signal D ( T ) shown in Expression (1). 



where, R(t) denotes a signal output from radio 
reception section 14 and C(t) denotes spreading code with 
which the pilot channel signal is spread. To make 
explanations easier to understand, a case whereTmatches 
the reception timing of the pilot symbol will be explained . 

Thus, when symbol +A is being sent from antenna 2, 
the output of correlation value calculation section 15 
is : 




Dp^ = a^AT^ + a^AT, + — (2) 
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On the other hand, when symbol -A is being sent from 
antenna 2, the output of correlation value calculation 
section is: 

where, Nj denotes noise and Ts denotes a 1-symbol 

time . 

Signal Dpius and signal Dminus output from correlation 
value calculation section 15 are subjected to in-phase 
additions 2n times by memory 16 and adder 17. And after 
being subjected to in-phase additions 2n times , the signal 
shown in Expression (4) is output from the memory 16. 

The signal shown in Expression (4) is squared by 
square section 18 and averaged by delay profile averaging 
section 19. Thus, an averaged delay profile is output 
from delay profile averaging section 19 as shown in 
Expression ( 5 ) . 

4T,^n^(a,Ay +2na^ -(5) 

where, the first term of Expression (5) is a signal 
component and the second term is a noise component. 
Therefore, S/N of the pilot channel signal is: 

S/N.^^ ...(6, 



Finger assignment section 20 outputs the signal 



indicating the position of each finger on the averaged 
delay profile to despreading section 21. Then, 
despreading section 21 carries out despreading processing 
on a dedicated communication channel signal subjected 
to predetermined radio processing by radio reception 
section 14 according to the timing at which each finger 
occurs . The despread dedicated communication channel 
signal is subjected to predetermined demodulation 
processing by demodulation section 22 and reception data 
is obtained in this way. 

However, when an in-phase addition is performed 
using the above conventional radio reception apparatus, 
the component associated with the symbol sent from antenna 
2 (that is, the component associated with a 2) disappears 
as shown in Expression (4) above. For this reason, as 
is apparent from Expression (6) above, S/N of the pilot 
channel signal is expressed only with the component 
associated with the symbol sent from antenna 1 {that is, 
the component associated with Qfi). 

Therefore, when an in-phase addition is simply 
performed on a pilot channel signal sent through diversity 
transmission using the above conventional radio reception 
apparatus , there is a problem that it is no longer possible 
to obtain diversity gain and improve the reception 
characteristics . 

Disclosure of Invention 

It is an object of the present invention to provide 



a radio reception apparatus and radio reception method 
capable of obtaining diversity gain even when an in-phase 
addition is carried out on a pilot channel signal sent 
through diversity transmission and improve the reception 
characteristics . 

In order to attain the above object, the present 
invention sorts reception signals each having a first 
signal containing only a no sign-inverted symbol +A sent 
through a propagation path having a first propagation 
coefficient and a second signal containing a no 
sign-inverted symbol +A and a sign-inverted symbol -A 
sent through a propagation path having a second 
propagation coefficient, corresponding to a symbol 
pattern of the second signal, to obtain an in-phase 
addition of the first signals and an in-phase addition 
of the second signals, so that the signal expressed with 
the second propagation coefficient is not lost. In this 
way, the present invention can improve the reception 
characteristics of reception signals through in-phase 
additions and at the same time obtain diversity gain. 

Brief Description of Drawings 

FIG.l shows that a base station apparatus is 
transmitting common pilot symbols to a mobile station 
apparatus through transmission diversity using two 
antennas ; 

FIG. 2 shows transmission patterns of pilot symbols 
defined by the Mobile Communication Standard 3G TS 25.211 



version 3.1.0; 

FIG. 3 is a block diagram showing an outlined 
configuration of a conventional radio reception apparatus 
mounted on a mobile station apparatus; 

FIG. 4 is a main block diagram showing an outlined 
configuration of a radio reception apparatus according 
to Embodiment 1 of the present invention; 

FIG. 5 illustrates pilot symbol transmission 
patterns defined by the Mobile Communication Standard 
3G TS 25.211 version 3.1.0; 

FIG. 6 is a main block diagram showing an outlined 
configuration of a radio reception apparatus according 
to Embodiment 2 of the present invention; 

FIG. 7 is a main block diagram showing an outlined 
configuration of a radio reception apparatus according 
to Embodiment 3 of the present invention; 

FIG. 8 illustrates pilot symbol transmission 
patterns defined by the Mobile Communication Standard 
3G TS 25.211 version 3.1.0; 

FIG. 9 is a main block diagram showing an outlined 
configuration of a radio reception apparatus according 
to Embodiment 4 of the present invention; 

FIG. 10 is a main block diagram showing an outlined 
configuration of a radio reception apparatus according 
to Embodiment 5 of the present invention; 

FIG. 11 is a main block diagram showing an outlined 
configuration of a radio reception apparatus according 
to Embodiment 6 of the present invention; 
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FIG. 12 illustrates pilot symbol transmission 
patterns defined by the Mobile Communication Standard 
3G TS 25.211 version 3.1.0; and 

FIG. 13 illustrates pilot symbol transmission 
patterns defined by the Mobile Communication Standard 
3G TS 25.211 version 3.1.0. 

Best Mode for Carrying out the Invention 

With reference now to the attached drawings, 

embodiments of the present invention will be explained 

in detail below. 

(Embodiment 1) 

The radio reception apparatus according to 
Embodiment 1 of the present invention separates a received 
pilot channel signal by antenna and then carries out an 

in-phase addition. 

FIG. 4 is a main block diagram showing an outlined 
configuration of the radio reception according to 
Embodiment 1 of the present invention. In FIG. 4, radio 
reception section 102 applies predetermined radio 
processing (down-conversion, A/D conversion, etc.) to 
a signal received via antenna 101. Correlation value 
calculation section 103 carries out despreading 
processing on the pilot channel signal. Changeover 
control section 105 controls changeover operations of 
switch 104. 

Delayer 106 delays the pilot channel signal by a 
1-symbol time. Adder 107 adds the pilot channel signal 



delayed by the 1-symbol time to the pilot channel signal. 
Subtracter 108 subtracts the pilot channel signal delayed 
by the 1-symbol time from the pilot channel signal. 

Memory 109 and adder 110 carry out an in-phase 
addition on the signal output from adder 107 . Memory 112 
and adder 113 carry out an in-phase addition on the signal 
output from subtracter 108. 

Square section 111 squares the signal subjected to 
the in-phase addition by memory 109 and adder 110 . Square 
section 114 squares the signal subjected to the in-phase 
addition by memory 112 and adder 113. Adder 115 adds up 
the signal squared by square section 111 and the signal 
squared by square section 114. 

Delay profile averaging section 116 calculates an 
averaged value of the delay profile. Finger assignment 
section 117 assigns a finger to a dedicated communication 
channel signal according to the averaged delay profile. 

Despreading section 118 applies despreading 
processing to the dedicated communication channel signal 
according to the finger assignment. Demodulation 
section 119 applies predetermined demodulation 
processing to the despread dedicated communication 
channel signal. Reception data is obtained in this way. 

Then, an operation of the radio reception apparatus 
in the above configuration will be explained using FIG. 5 . 
FIG. 5 illustrates pilot symbol transmission patterns 
defined by the Mobile Communication Standard 3G TS 25.211 
version 3.1.0, 
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A pilot channel signal including pilot symbols sent 
from antenna 1 of the base station apparatus through 
propagation path 1 and pilot symbols sent from antenna 
2 of the base station apparatus through propagation path 
2 is received by radio reception section 102 via antenna 
101. The pilot channel signal is subjected to 
predetermined radio processing (down-conversion, A/D 
conversion, etc.) by radio reception section 102 and 
output to correlation value calculation section 103. 

Correlation value calculation section 103 applies 
despreading processing to the pilot channel signal and 
outputs signal D(r) shown in Expression (7). 

41 

O where, R{t) denotes the signal output from radio 

|j = 

CI 15 reception section 102 and C(t) denotes a spreading code 

ni 

with which the pilot channel signal is spread. To make 
explanations easier to understand, a case where r matches 
the reception timing of the pilot symbol will be explained . 
Thus , when symbol +A from antenna 2 is being received, 
20 the output of correlation value calculation section 103 
is : 

^plus = + «2^^, + (8) 



Ci 
Ci 

ni 



25 



On the other hand, when symbol -A from antenna 2 
is being received, the output of correlation value 
calculation section 103 is: 
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where, denotes a propagation coefficient of 

propagation path 1; a 2, a propagation coefficient of 
propagation path 2 ; Nj , noise; and Ts , a 1-symbol time. 

That is, when focused on slot #0 in FIG. 5, Dpius is 
output from correlation value calculation section 103 
at the timing at which symbol #0, #3, #4, #7 or #8 is 
received and Dminus is output from correlation value 
calculation section 103 at the timing at which symbol 
#1, #2, #5, #6 or #9 is received. 

Dpius and Dminus output from correlation value 
calculation section 103 are sorted and output to the 
delayer 106 side or the subtracter 108 side symbol by 
symbol through the changeover operation of switch 104 



Cj 15 by changeover control section 105 according to the symbol 
pattern of the pilot symbols which are sent from antenna 
2. That is, changeover control section 105 sets switch 
104 to the delayer 106 side at the timing at which a symbol 
with an odd number from the start of the slot {that is, 
20 symbol #0 , #2, #4, #6, #8 ) is received. On the other hand , 
changeover control section 105 sets switch 104 to the 
subtracter 108 side at the timing at which a symbol with 
an even number from the start of the slot {that is, symbol 
#1, #3, #5, #7, #9) is received. 
25 Therefore, the signals output to delayer 106 are 

Dpius at symbol #0, D„inus at symbol #2, Dpms at symbol #4, 
Dminus at Symbol #6 and Dpms at symbol #8. On the other 



hand, the signals output to adder 107 and subtracter 108 
are Dminus at symbol #1, Dpma at symbol #3, Dminus at symbol 
#5, Dpius at symbol #7 and Dminus at symbol #9. Thus, the 
repletion cycle of Dminus and Dpius is common to the delayer 
106 side and subtracter 108 side. Then, the signal output 
to delayer 106 is delayed by a 1-symbol time at a time. 

In this way, Dpius at symbol #0 and Dminus at symbol 
#1 are added by adder 107 and subtracted by subtracter 
108. Hereafter, likewise, Dminus at symbol #2 and Dpius 
at symbol #3, Dpms at symbol #4 and Dminus at symbol #5, 
DiBinus at symbol #6 and Dpius at symbol #7, and Dpius at symbol 
#8 and Dminus at symbol #9 are added by adder 107 and 
subtracted by subtracter 108, respectively. Subtracter 

108 subtracts Dminus frOm Dpius . 

Thus, the output of adder 107 is: 

" ^ ...<io) 

On the ether hand, the output of subtracter 108 is: 

Here, when attention is focused on Expression (10) 
and Expression (11) above, the signal component is only 
the component associated with the symbol sent from antenna 
1 (that is, component associated with a ^ ) in Expression 
(10) and only the component associated with the symbol 
sent from antenna 2 (that is, component associated with 
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ci: 2 ) in Expression (11). That is , by adding or subtracting 
Dpius and Dminus/ the received pilot channel signal is 
separated antenna by antenna. 

Signal Ci output from adder 107 is subjected to 
in-phase additions n times by memory 10 9 and adder 110. 
Thus, the signal output from memory 109 after n in-phase 
additions is: 



On the other hand, signal C2 output from subtracter 
108 is subjected to in-phase additions n times by memory 
112 and adder 113. Thus, the signal output from memory 
112 after n in-phase additions is: 



The signal indicated by Expression (12) above is 
squared by square section 111 and the signal indicated 
by Expression (13) above is squared by square section 
114. The squared signals are added up by adder 115 and 
averaged by delay profile averaging section 116. Thus, 
an averaged delay profile shown in Expression (14) is 
output from delay profile averaging section 116. 




4r//i^{(ai^)' + (a2Af} + 4na^ -(14) 



Here, the first term in Expression (14) above is a 
signal component and the second term is a noise component. 
Thus, S/N of the pilot channel signal is: 
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si^.IdHt^^^Sa^ ...(15) 

Here, when attention is focused on Expression (15) 
above, S/N is expressed by the component associated with 
the symbol sent from antenna 1 (that is, the component 
5 associated with a ^ ) and the component associated with 
the symbol sent from antenna 2 (that is, the component 
associated with a 2) ' Thus, according to the radio 

CI 

reception apparatus of this embodiment, it is also 
possible to obtain diversity gain when an in-phase 

m 

10 addition is performed on the pilot channel signal. 

m 

Then, finger assignment section 117 outputs the 

PI 

1^ signal indicating the position of each finger on the 

PI 

f|;. averaged delay profile to despreading section 118. 

f I 

^- Despreading section 118 carries out despreading 

15 processing on the dedicated communication channel signal 
subjected to predetermined radio processing by radio 
reception section 102 according to the timing at which 
each finger occurs. The despread dedicated 
communication channel signal is subjected to 
20 predetermined demodulation processing by demodulation 
section 119 and reception data is obtained in this way. 

Thus, according to the radio reception apparatus 
according to this embodiment, received pilot channel 
signals are separated antenna by antenna and then 
25 subjected to an in-phase addition, and therefore it is 
possible to carry out an in-phase addition on the pilot 



channel signals and obtain diversity gain as well . Thus , 
the radio reception apparatus according to this 
embodiment can improve the reception characteristics. 

(Embodiment 2) 

The radio reception apparatus according to 
Embodiment 2 of the present invention carries out in-phase 
additions between correlation values Dpius corresponding 
to +A sent from antenna 2 and in-phase additions between 
correlation values Dminus corresponding to -A sent from 
antenna 2 . 

FIG. 6 is a main block diagram showing an outlined 
configuration of the radio reception apparatus according 
to Embodiment 2 of the present invention. The same 
components as those of Embodiment 1 are assigned the same 
reference numerals and detailed explanations thereof are 
omitted. 

In FIG. 6, changeover control section 201 controls 
changeover operations of switch 202 and switch 203. 
Memory 204 and adder 206 carry out in-phase additions 
between Dpius's. On the other hand, memory 205 and adder 
206 carry out in-phase additions between Dminus ' s . Square 
addition section 207 calculates the squares of Dpms ' s 
and Diainus's and adds up the squared values. 

Then, an operation of the radio reception apparatus 
in the above configuration will be explained using FIG. 5 
again. Dpms ' s and Dminus 's output from correlation value 
calculation section 103 are sorted between Dpms ' s and 
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Dminus's and output by switching operations of switch 202 
and switch 203 under the control of changeover control 
section 201. That is, when attention is focused on slot 
#0, changeover control section 105 sets switch 202 and 
switch 203 to the memory 204 side at the timing at which 
+A is received from antenna 2 (that is, timing at which 
symbol #0, #3, #4, #7 or #8 is received). On the other 
hand, changeover control section 201 sets switch 202 and 
switch 203 to the memory 205 side at the timing at which 
-A is received from antenna 2 (that is, timing at which 
symbol #1, #2, #5, #6 or #9 is received) . Thus, onlyDpms's 
are output to memory 204, while only Dminus's are output 
to memory 2 05. 

Dpius ' s output to memory 204 are subjected to in-phase 
additions n times by memory 2 04 and adder 206 . Therefore, 
the signal output from memory 204 to square addition 
section 207 after n in-phase additions is: 



On the other hand, Dminus's output to memory 205 are 
subjected to in-phase additions n times by memory 2 05 
and adder 206. Therefore, the signal output from memory 
205 to square addition section 207 after n in-phase 
additions is: 



The signal indicated by Expression (16) and the 
signal indicated by Expression (17) are squared and then 



(D^) = nia,AT, -^a^AT, +N,) -(16) 




added up by square addition section 207 and averaged by 
delay profile averaging section 116. Thus , delay profile 
averaging section 116 outputs the averaged delay profile 
as shown in Expression (18). 

2ry{{a^Af + {a^Af} + 2«a' -(18) 

Here, the first term in Expression (18) is a signal 
component and the second term is a noise component. 
Thus, S/N of the pilot channel signal is: 

Here, when attention is focused on Expression (19) 
above, as in the case of Embodiment 1, S/N is expressed 
by the component associated with the symbol sent from 
antenna 1 (that is, the component associated with a i ) 
and the component associated with the symbol sent from 
antenna 2 (that is, the component associated with a 2) . 
That is, instead of separating a pilot channel signal 
antenna by antenna and then carrying out in-phase 
additions as in the case of Embodiment 1, even if an 
in-phase addition is performed between Dpius ' s and between 
Dminus's, it is also possible to obtain diversity gain on 
the pilot channel signal. 

Furthermore, a comparison between the radio 
reception apparatus according to this embodiment and the 
radio reception apparatus according to Embodiment 1 shows 
that the configuration from correlation value calculation 
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section 103 to delay profile averaging section 116 is 
simpler and the circuit scale is smaller. Furthermore, 
the radio reception apparatus of this embodiment can 
reduce adders and subtracters compared to the radio 
reception apparatus according to Embodiment 1, and can 
thereby reduce the amount of calculations and improve 
the processing speed. 

As shown above, the radio reception apparatus 
according to this embodiment carries out in-phase 
additions between correlation values Dpius corresponding 
to +A sent from antenna 2 and in-phase additions between 
correlation values Dminus corresponding to -A sent from 
antenna 2, thus making it possible to carry out in-phase 
additions on pilot channel signals and obtain diversity 
gain with a smaller circuit scale and smaller amount of 
calculations compared to the radio reception apparatus 
according to Embodiment 1. 

(Embodiment 3) 

The radio reception apparatus according to 
Embodiment 3 of the present invention carries out in-phase 
additions of correlation values Dpius corresponding to 
+A sent from antenna 2 and in-phase additions of 
correlation values Dminus corresponding to -A sent from 
antenna 2 by switching between these two in-phase 
additions every predetermined unit (for example, on a 
slot-by-slot basis). 

FIG. 7 is a main block diagram showing an outlined 
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configuration of the radio reception apparatus according 
to Embodiment 3 of the present invention. The same 
components as those of Embodiment 1 are assigned the same 
reference numerals and detailed explanations thereof are 
omitted . 

In FIG. 7, reception symbol control section 301 
controls radio reception section 102 so that only specific 
pilot symbols are received. That is, radio reception 
section 102 operates only when specific pilot symbols 
are received. 

Correlation value calculation section 302 carries 
out despreading processing on pilot channel signals. 
Memory 303 and adder 304 carry out in-phase additions 
between Dpius ' s and between Dminus's. Square section 3 05 
calculates the squares of Dpms ' s and Dminus ' s respectively . 

Then, an operation of the radio reception apparatus 
in the above configuration will be explained using FIG. 8 
again. FIG. 8 illustrates pilot symbol transmission 
patterns defined by the Mobile Communication Standard 
3G TS 25.211 version 3.1.0. 

Reception symbol control section 301 controls radio 
reception section 102 so that only the hatched symbols 
in FIG. 8 are received . That is , reception symbol control 
section 301 allows radio reception section 102 to operate 
only at timings at which the hatched symbols in FIG. 8 
are received. 

Thus , in slot # 14 , Dpius shown in Expression ( 8 ) above 
is output from correlation value calculation section 103 



at timing at which symbol #3, #4, #7 or #8 is received. 
Hereafter, likewise, in slot #0, Dminus shown in Expression 
(9) above is output from correlation value calculation 
section 103 at timing at which symbol #1, #2, #5 or #6 
is received, and in slot #1, Dpms shown in Expression 
(8) above is output from correlation value calculation 
section 103 at timing at which symbol #1, #2, #5 or #6 
is received. Thus, either Dpius or Dminus is output 
alternately on a slot-by-slot basis from correlation 
value calculation section 302. 

Dpius's or Dminus "s output from correlation value 
calculation section 302 are subjected slot by slot to 
in-phase additions n times by memory 303 and adder 304. 
Then, after n in-phase additions, memory 303 outputs the 
signal shown in Expression (16) for Dpius and the signal 
shown in Expression (17) for Dminus to square section 305. 

The signal shown in Expression (16) and the signal 
shown in Expression ( 17 ) are each squared by square section 
305 and averaged by delay profile averaging section 116. 
Thus, delay profile averaging section 116 outputs an 
averaged delay profile as shown in Expression ( 18 ) . Thus , 
S/N of a pilot channel signal is shown by Expression (19) 
above as in the case of Embodiment 2. 

Here, a comparison between the radio reception 
apparatus of this embodiment and the radio reception 
apparatus of Embodiment 2 shows that the configuration 
from correlation value calculation section 103 to delay 
profile averaging section 116 is simpler and the circuit 
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scale is smaller. Particularly, the radio reception 
apparatus of this embodiment can reduce memory compared 
to the radio reception apparatus according to Embodiment 
2. 

This embodiment has described, as an example, the 
case where in-phase additions between Dpius ' s and in-phase 
additions between Dminus ' s are switched slot by slot. 
However, this embodiment is not limited to this. This 
embodiment may also be constructed in such a way that 
a predetermined number of times is set and in-phase 
additions between Dpius's and in-phase additions between 
Dminus ' s are switched every predetermined number of times , 
for example, carrying out in-phase additions between 

fe Dminus ' s a plurality of times after carrying out in-phase 

•I' 

P 15 additions between Dpiua's a plurality of times. Or a 

III 

Ci predetermined interval may be set and in-phase additions 
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between Dpius's and in-phase additions between Dminus 's may 
be switched at the predetermined intervals. 

Thus, the radio reception apparatus according to 
this embodiment carries out in-phase additions between 
correlation values Dpius corresponding to +A sent from 
antenna 2 and in-phase additions between correlation 
values Dminus corresponding to -A sent from antenna 2 by 
switching between these two in-phase additions every 
predetermined unit { for example, on a slot-by-slot basis ) , 
and can thereby carry out in-phase additions on pilot 
channel signals and obtain diversity gain as well with 
a smaller circuit scale compared to the radio reception 
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apparatus according to Embodiment 2. 

(Embodiment 4) 

The radio reception apparatus according to 
1 Embodiment 4 of the present invention is the radio 
reception apparatus according to Embodiment 1 applied 
to a radio reception apparatus previously invented by 
the present inventor et al. (hereinafter referred to as 
"storage type radio reception apparatus"), 
p 10 This storage type radio reception apparatus retains 

reception data in memory, etc. temporarily and carries 
out spreading processing repeatedly using a spreading 
code assigned to each base station on the retained data. 

0 This invention is described in the Japanese Patent 

■f ' ■ 

El 15 Application No.HEI 10-292545, entire content of which 

m 

CI is expressly incorporated herein. The radio reception 

m' 

apparatus of this embodiment which is the radio reception 
apparatus of Embodiment 1 applied to the storage type 
radio reception apparatus will be explained below. 

20 FIG. 9 is a main block diagram showing an outlined 

configuration of the radio reception apparatus according 
to Embodiment 4 of the present invention. The same 
components as those of Embodiment 1 are assigned the same 
reference numerals and detailed explanations thereof are 

2 5 omitted. 

In FIG. 9, reception data storage section 501 
temporarily retains reception data by a predetermined 
number of symbols at a time (here, suppose two symbols; 
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a symbol odd-numbered from the start of the slot and a 
symbol even-numbered from the start of the slot). 
Reception base station control section 502 sequentially 
selects a base station from which to receive signals. 
Reception base station control section 502 controls 
changeover operations of base station changeover switches 
503 to 508 in such a way that pilot channel signals are 
subjected to in-phase additions for every base station. 
Furthermore, as shown in FIG. 9, this embodiment provides 
the same number of combinations of memory 109 and memory 
112 as base stations from which to receive signals . Here, 
for convenience of explanations, suppose there are three 
base stations 1 to 3 from which to receive signals. 

Then, an operation of the radio reception apparatus 
in the above configuration will be explained . A reception 
signal subjected to predetermined radio processing is 
retained in reception data storage section 501 two symbols 
at a time; a symbol odd-numbered from the start of the 
slot and a symbol even-numbered from the start of the 
slot. The reception symbols retained in reception data 
storage section 501 are output to correlation value 
calculation section 103 according to instructions from 
reception base station control section 502 . At this time, 
the base station number indicating base station 1 is output 
from reception base station control section 502 to 
correlation value calculation section 103 and base 
station changeover switches 503 to 508. 

Correlation value calculation section 103 performs 
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despreading processing on pilot symbols according to the 
above base station number using the spreading codes 
assigned to base station 1. 

Furthermore, at this time, base station changeover 
switch 5 03 connects adder 1 10 and memory 109ofbase station 
1 according to the above base station number. On the other 
hand, base station changeover switch 504 connects memory 
109 of base station 1 and adder 110 and base station 
changeover switch 505 connects memory 109 of base station 
1 and square section 111. Likewise, base station 
changeover switch 506 connects adder 113 and memory 112 
of base station 1, base station changeover switch 507 
connects memory 112 of base station 1 and adder 113 and 
switch 508 connects memory 112 of base station 1 and square 
section 114. 

In this way, Ci output from adder 107 is subjected 
to an in-phase addition with respect to base station 1 
by memory 109 of base station 1 and adder 110 and output 
from memory 109 of base station 1 to square section 111. 
Furthermore, C2 output from adder 113 is subjected to an 
in-phase addition with respect to base station 1 by memory 
112 of base station 1 and adder 113 and output from memory 
112 of base station 1 to square section 114. 

Then, the same reception symbols used for base 
station 1 is output from reception data storage section 
501 to correlation value calculation section 103 
according to instructions from reception base station 
control section 502. At this time, the base station 
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number indicating base station 2 is output from reception 
base station control section 502 to correlation value 
calculation section 103 and base station changeover 
switches 503 to 508. 

Hereafter, the same operation as in the case of base 
station 1 is carried out and Ci output from adder 107 is 
subjected to an in-phase addition with respect to base 
station 2 by memory 109 of base station 2 and adder 110, 
and C2 output from adder 113 is subjected to an in-phase 
addition with respect to base station 2 by memory 112 
of base station 2 and adder 113. 

With respect to base station 3, the same operation 
as that described above is carried out and Ci output from 
adder 107 is subjected to an in-phase addition by memory 
109 of base station 3 and adder 110 with respect to base 
station 3, and C2 output from adder 113 is subjected to 
an in-phase addition by memory 112 of base station 3 and 
adder 113 with respect to base station 3. 

In this way, according to the radio reception 
apparatus of this embodiment, pilot channel signals 
received by the storages type radio reception apparatus 
are subjected to in-phase additions and it is therefore 
possible to carry out an in-phase addition on pilot channel 
signals corresponding to a plurality of base stations 
and obtain diversity gain as well. Therefore, the radio 
reception apparatus of this embodiment can improve 
accuracy in path searching. 



(Embodiment 5) 

The radio reception apparatus according to 
Embodiment 5 of the present invention is the radio 
reception apparatus according to Embodiment 2 applied 
to a storage type radio reception apparatus. 

FIG. 10 is a main block diagram showing an outlined 
configuration of the radio reception apparatus according 
to Embodiment 5 of the present invention. The same 
components as those of Embodiment 2 and Embodiment 4 are 
assigned the same reference numerals and detailed 
explanations thereof are omitted. 

In FIG. 10, reception data storage section 501 
temporarily retains reception data symbol by symbol. 
Reception base station control section 502 sequentially 
selects a base station from which to receive signals. 
Reception base station control section 502 controls 
changeover operations of base station changeover switches 
503 to 508 in such a way that pilot channel signals are 
subjected to in-phase additions for every base station. 
Furthermore, as shown in FIG. 10, this embodiment provides 
the same number of combinations of memory 204 and 205 
as base stations from which to receive signals. Here, 
for convenience of explanations, suppose there are three 
base stations 1 to 3 from which to receive signals. 

Then, an operation of the radio reception apparatus 
in the above configuration will be explained . A reception 
signal subjected to predetermined radio processing is 
retained in reception data storage section 501 symbol 



by symbol. The reception symbols retained in reception 
data storage section 501 are output symbol by symbol to 
correlation value calculation section 103 according to 
instructions from reception base station control section 
502. At this time, the base station number indicating 
base station 1 is output from reception base station 
control section 502 to correlation value calculation 
section 103 and base station changeover switches 503 to 
508. 

Correlation value calculation section 103 performs 
despreading processing on pilot symbols according to the 
above base station number using the spreading code 
assigned to base station 1. 

Furthermore, at this time, base station changeover 
switch 503 connects switch 202 and memory 204 of base 
station 1 according to the above base station number. 
On the other hand, base station changeover switch 504 
connects memory 204 of base station 1 and switch 203, 
and base station changeover switch 505 connects memory 
204 of base station 1 and square addition section 207. 
Likewise, base station changeover switch 506 connects 
switch 202 and memory 205 of base station 1, base station 
changeover switch 507 connects memory 205 of base station 
1 and switch 203, and switch 508 connects memory 205 of 
base station 1 and square addition section 207. 

Furthermore, at this time, only Dpms is output to 
memory 2 04 and only Dminus is output to memory 2 05 through 
changeover control over switch 202 and switch 203 . Thus , 
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Dpius's or DjBinus's output froni correlation value 
calculation section 103 are subjected to in-phase 
additions with respect to base station 1 and output to 
square addition section 207. 

Then, the same reception symbols as that used with 
respect to base station 1 is output from reception data 
storage section 501 to correlation value calculation 
section 103 according to instructions from reception base 
station control section 502. At this time, the base 
station number indicating base station 2 is output from 
reception base station control section 502 to correlation 
value calculation section 103 and base station changeover 
switches 503 to 508. 

Hereafter, the same operation as in the case of base 
station 1 is carried out and Dpius's or Dminus's output from 
correlation value calculation section 103 are subjected 
to in-phase additions with respect to base station 2 
respectively, with respect to base station 3, the same 
operation as that described above is carried out and Dpius ' s 
or Dminus ' s output from correlation value calculation 
section 103 are subjected to in-phase additions with 
respect to base station 3 respectively. 

As shown above, according to the radio reception 
apparatus of this embodiment, the storage type radio 
reception apparatus carries out an in-phase addition 
between correlation values Opium's corresponding to +A 
sent from antenna 2 and an in-phase addition between 
correlation values Dminus's corresponding to -A sent from 
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antenna 2, and can thereby carry out in-phase additions 
on pilot channel signals corresponding to a plurality 
of base stations and obtain diversity gain as well with 
a smaller circuit scale and smaller amount of calculations 
5 compared to the radio reception apparatus according to 
Embodiment 4. Furthermore, since the radio reception 
apparatus according to this embodiment carries out 
in-phase additions between Dpius ' s or Dminus ' s , it is only 
necessary to retain one pilot symbol at a time and it 
g 10 is thereby possible to reducethecapacity of thereception 
data storage section. 

HI (Embodiment 6) 

CI The radio reception apparatus according to 

p 15 Embodiment 6 of the present invention is the radio 

m 

□ reception apparatus according to Embodiment 3 applied 



HI 



to a storage type radio reception apparatus. 

FIG. 11 is a main block diagram showing an outlined 
configuration of the radio reception apparatus according 
to Embodiment 6 of the present invention. The same 
components as those of Embodiment 3 and Embodiment 4 are 
assigned the same reference numerals and detailed 
explanations thereof are omitted. 

In FIG. 11, reception data storage section 501 
temporarily stores reception data output from radio 
reception section 102 symbol by symbol. Reception base 
station control section 502 sequentially selects a base 
station from which to receive signals. Reception base 
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station control section 502 controls changeover 
operations of base station changeover switches 503 to 
505 so that pilot channel signals are subjected to in-phase 
additions for the respective base stations . Furthermore, 
as shown in FIG. 11, this embodiment provides the same 
number of memories 303 as base stations from which to 
receive signals . Here, for convenience of explanations , 
suppose there are three base stations 1 to 3 from which 
to receive signals. 

Then, the radio reception apparatus in the above 
configuration will be explained. FIG. 12 illustrates 
pilot symbol transmission patterns defined by the Mobile 
Communication Standard 3G TS 25.211 version 3.1.0. 
However, for convenience of explanations, suppose only 
pilot symbols sent from antenna 2 of each base station 
are shown here. 

Reception symbol control section 301 controls radio 
reception section 102 so that only hatched symbols in 
FIG. 12 are received. That is, reception symbol control 
section 301 allows radio reception section 102 to operate 
only at timings at which the hatched symbols in FIG. 12 
are received. 

More specifically, reception symbol control section 
301 allows radio reception section 102 to operate a 
plurality of times (4 times in FIG. 12) at timing at which 
four symbols are received, and then allows radio reception 
section 102 to operate one time when six symbols (after 
4 symbols + 2 symbols) are received, and allows radio 



reception section 102 to operate a plurality of times 
(4 times in FIG. 12) at timing at which four symbols are 
received again. By repeating this operation, as shown 
in FIG. 12, symbols including +A of antenna 2 and symbols 
including -A of antenna 2 are received alternately four 
times each for each base station. 

Such control of reception symbol control section 
301 is based on transmission patterns of pilot symbols 
sent from antenna 2 . That is, in the transmission pattern 
shown in FIG. 12, the cycle of repetitions of the 
transmission pattern is 4 symbols. More specifically, 
the transmission pattern consists of repetitions of a 
"+A, -A, -A, +A" pattern. Therefore, reception symbol 
control section 301 controls radio reception section 102 
according to the cycle of repetitions of the transmission 
pattern as described above so as to receive symbols 
including +A of antenna 2 and symbols including -A of 
antenna 2 four times each alternately for each base 
station . 

The reception signal subjected to predetermined 
radio processing by radio reception section 102 is stored 
in reception data storage section 501. The reception 
symbols stored in reception data storage section 501 are 
output to correlation value calculation section 302 
according to instructions from reception base station 
control section 502. At this time, the base station 
number indicating base station 1 is output from reception 
base station control section 502 to correlation value 



calculation section 302 and base station changeover 
switches 503 to 505. 

Correlation value calculation section 302 applies 
despreading processing on pilot symbols using a spreading 
code assigned to base station 1 according to the above 
base station number. 

At this time, base station changeover switch 503 
connects adder 304 and memory 303 of base station 1 
according to the above base station number. On the other 
hand, base station changeover switch 504 connects memory 

303 of base station 1 and adder 304, and base station 
changeover switch 505 connects memory 3 03 of base station 
1 and square section 305 . Then, Dpius ' s or Dminus's output 
from correlation value calculation section 302 are 
subjected to in-phase additions by memory 303 and adder 

304 four times each with respect to base station 1. 

Then, the same reception symbols used for base 
station 1 is output from reception data storage section 
501 to correlation value calculation section 302 
according to instructions from reception base station 
control section 502 . At this time, reception base station 
control section 502 outputs the base station number 
indicating base station 2 to correlation value 
calculation section 302 and base station changeover 
switches 503 to 505. 

Thereafter, the same operation as that of base 
station 1 is carried out and Dpms's or Dminus ' s output from 
correlation value calculation section 302 are subjected 



to in-phase additions with respect to base station 2 four 
times each. Furthermore, the above-described same 
operation is also carried out for base station 3 and Dpius ' s 
or Dminus ' s output from correlation value calculation 
section 302 are subjected to in-phase additions four times 
each with respect to base station 3. 

As shown above, according to the radio reception 
apparatus of this embodiment, the storage type radio 
reception apparatus carries out in-phase additions 
between correlation values Dpius ' s corresponding to +A 
sent from antenna 2 and in-phase addition between 
correlation values Dminus 's corresponding to -A sent from 
antenna 2 by switching between these two in-phase 
additions every predetermined number of symbols, and can 
thereby carry out in-phase additions on pilot channel 
signals and obtain diversity gain as well with a smaller 
circuit scale compared to the radio reception apparatus 
according to Embodiment 5. 

By the way, this embodiment can also be constructed 
so that correlation value calculation section 302 does 
not calculate correlation values for symbols (symbols 
indicated with hatching of base station 3) before and 
after the frame boundary on which the repetition pattern 
of "+A, -A, -A, +A" comes undone as shown in FIG. 13. More 
specifically, reception base station control section 502 
determines the frame boundary for every base station and 
controls correlation value calculation section 302 so 
as not to calculate correlation values for symbols before 
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and after the frame boundary. 

Preventing calculations of correlation values for 
symbols before and after the frame boundary makes it 
possible to prevent in-phase additions of Dpiua and Dminus- 
This prevents the reception characteristics on the frame 
boundary from deteriorating. Embodiment 3 can also be 
constructed so as not to calculate correlation values 
for symbols before and after the frame boundary. 

As described above, the present invention can obtain 
diversity gain and improve the reception characteristics 
also when in-phase additions are applied to pilot channel 
signals during diversity transmission. 

This application is based on the Japanese Patent 
Application No . 2000-131672 filed on April 28, 2000, 
entire content of which is expressly incorporated by 
reference herein. 

Industrial Applicability 

The present invention is applicable to a 
communication terminal apparatus and base station 
apparatus used in a mobile communication system. 



